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ever, receiver input power is estimated to be sufficiently high to realize 
16 X 16 as well as 8 X 8. 
In GDPC-SW with SM-to-MM combiner, power penalty due to 
amplified spontaneous emission (ASE) and coherent cross talk should be 
checked. We have carried out a lO-Gbit/s signal transmission experiment 
using the setup shown in Fig. 3(c). A 1550-nm optical signal is created by 
a distributed feedback laser-diode (DFB-LD) and a LiNbO, modulator. 
Fiber-to-fiber gain of SOAGs is 8 dB at 25 mA injection current. The loss 
of 8:l SM-to-MM combiner silica waveguide is 1.5 dB. In the experi- 
ment, one of the two SOAGs was always in the on state and another was 
in the off state. Figure 3(a) shows a bit-error-rate (BER) curve. Power 
penalty due to ASE noise of the SOAG is estimated to be <0.3 dB. 
Degradation due to coherent cross talk was not observed in the BER 
measurement, because the extinction ratio of the SOAG was more than 
50 dB. 
Figure 3(b) shows the signal waveform. The switching interval was 
13 ns (128 bit). Turn-on-delay responses of SOAGs were compensated 
by simple electronics.' As a result, the switching has been performed 
within 1 ns. 
As a conclusion, we have proposed a novel GDPC-SW that incor- 
porates SOAGs and an SM-to-MM combiner, and demonstrated 10- 
Gbit/s/port throughput, and 1-ns switching. We estimated that the 
switch can be extended up to 16 X 16 scale. This switch will remarkably 
improve the interconnection network performance in symmetric multi- 
processor systems. 
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planar waveguide. 
Reflection spectrum of a 6-mm-long Bragg grating written in a 
approximately Gaussian leading to an apodization of the 6-mm-long 
gratings. The filter function was characterized by using amplified spon- 
taneous emission (ASE) from an erbium-doped fiber pumped at 1480 
nm as a light source. The spectra are recorded by an optical spectrum 
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Bragg gratings are widely used as wavelength-selective elements in fiber 
devices.' Integrated optics is a very attractive alternative for realizing 
such components. This way, multifunctional devices with high mechan- 
ical and thermal stability can be made using a technology with potential 
for mass-production. The main limitation until now was the quality of 
the gratings written in planar waveguides. We report here 60-dB trans- 
mission dips obtained with 6-mm-long Bragg gratings written in Ge- 
doped planar waveguides. 
The waveguides have been made by depositing silica layers on 
silicon substrates by plasma-enhanced chemical vapor deposition 
(PECVD). The core dimensions are 6 pm X 6 p m  and the index step is 
5.5 * IOp3. The glass photosensitivity is enhanced by placing the 
waveguides in a deuterium chamber at high pressure for several days2 
Bragg gratings are then induced by illuminating the waveguides with UV 
light through a phase mask.3 The exposure was performed at 248 nm 
using a KrF excimer laser. The W-beam intensity distribution was 
analyzer [Ando-AQ63 15A]. 
The transmission spectrum is shown in Fig. 1.  60 dB transmission 
dip has been measured indicating an index modulation higher than 
9 . IOp4. The measured transmission dip corresponds to the optical 
spectrum analyzer dynamic range. The filter function is, therefore, prob- 
ably not fully resolved but the measured value represents, to the best of 
our knowledge, the strongest grating ever reported in planar waveguides. 
The reflected spectrum is shown in Fig. 2. The 3-dB bandwidth is 2.6 
nm and the sidelobe rejection is around 20 dB. 
The high-index modulation obtained in planar waveguides indi- 
cates that a variety of filter functions may be realized by changing the 
grating parameters. Moreover, for the same glass photosensitivity stron- 
ger filters may be written in planar waveguides than in optical fibers due 
to the geometry. In standard fibers, the distance between the phase mask 
and the core is indeed 62.5 micrometers while in planar waveguides the 
cladding layer thickness may be below 20 micrometers. Thus higher UV 
light visibility may be achieved and thereby a higher index m~du la t ion .~  
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Tunable filter is one of the key clevices for the future wavelength-division 
multiplexing (WDM) system. 'The acousto-optic tunable filter (AOTF) 
has many advantages such as fast tuning speed and high resolution 
power.' But, the selected wavelength by AOTF is varied by the influence 
of ambient temperature due to the temperature dependency of LiNbO, 
as this device material. Therefore, there is a formerly stabilizing tech- 
nique of AOTF by way of constant temperature control with Peltier 
elements.' But, there are problems that the electric power consumed 
mainly by Peltier element and the scale of circuit become large in this 
way. We propose the new technique of stabilizing control ofAOTF using 
digital feedback technique. 
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We constructed the WDM network system of eight wavelength 
channels with channel separation of 3.2 nm. In this system, the total 
stability ofwavelength tuned by AOTF is necessarily under about 0.1 nm. 
The configuration of our stabilizing circuit is shown in Fig. I. To obtain 
the necessary wavelength stability, we use direct digital synthesizing 
(DDS) technique to generate the driving frequency of AOTF. Thermal 
data from thermister is A/D-converted, converted to the correction data 
stored in memory, added with the channel select signal and input into the 
digital input port of DDS oscillator. 
By this controlling method, it became possible to reduce the electric 
power consumption and the circuit size. The satisfying stability ofwave- 
length control under 20.065 nm was obtained in room temperature by 
our method as shown in Fig. 2. The power penalty that occurs on AOTF 
in the condition ofthe bit error rate <1E-10 is shown in Fig. 3 and the bit 
rate of signal was 2.5 GHz. The reason for this power penalty depending 
on the deviation from the center wavelength of AOTF is now under 
investigation. 
In spite of the influence of this power penalty, enough tunability of 
AOTF and enough signal-to-noise ratio were obtained by our new 
method using digital feedback technique. 
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Over the last few years, electro-optic (EO) polymers have reached the 
state of technological maturity where devices for practical applications 
become feasible. For example, polymers with EO coefficients stable up to 
300°C' and r33 coefficients of 55 pm/V2 have been discovered recently. 
The ease with which polymers can be processed into multilayer devices 
by standard Si processing techniques makes them attractive for optoelec- 
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